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Despite remarkable advances in surgical methods
to revascularize the lower extremity in the last 20
years, some patients still are left with leg amputation
as their only recourse. These patients typically are
evaluated for elective treatment of ischemic foot and
leg tissue loss by means of angiography and are found
to not have a tibial or pedal artery sufficient to accept
a distal bypass graft anastomosis. Occasionally, a
recipient artery exists, but is beneath an area of soft
tissue loss, excluding its use for bypass grafting.
Other patients are seen in consultation and not rec-
ommended for angiographic evaluation because they
have such extensive tissue destruction. These patients
have large areas of dorsal or plantar foot skin loss,
proximal foot osteomyelitis or joint involvement, or
combinations of these problems. These wounds
would not heal, even with normalized arterial circu-
lation and partial foot amputation. Therefore, these
patients generally undergo leg amputation to achieve
infection control and wound closure.
To modify the dismal prognosis that these
patients face, the technique of free tissue transfer can
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be applied after a conventional arterial bypass graft-
ing procedure is completed.1 The transferred tissue
flap not only provides wound coverage that can be
immediately covered with split-thickness skin grafts,
but also increases the flow through the newly con-
structed bypass graft.2
This preliminary report, spanning nearly 4 years,
outlines the efforts by vascular and plastic surgeons
working as a team to achieve limb salvage for the
group of patients previously described. In every case,
leg amputation would have been recommended had
the free tissue transfer technique not been available.
These are patients who would never be included in a
conventional series of, for example, in situ bypass
grafting operations. They thus represent an exten-
sion of our ability to achieve reliable limb salvage in
patients with severe leg ischemia.
PATIENTS AND METHODS
A cohort of 21 patients was selected during a 45-
month period from patients seen in consultation 
by the Vascular Surgery Service at Northwestern
Memorial Hospital (19 patients) or the Lakeside
Veterans Administration Hospital (2 patients) in
Chicago, Ill. The patients were also examined in detail
preoperatively by the Plastic Surgery Microsurgery
Service. In every patient, it was evident that free tissue
transfer would be necessary to avert a leg amputation.
The reasons that patients would have otherwise
required leg amputation can be broadly grouped into
four categories. Many patients are in more than one
group. Extensive heel or plantar foot destruction was
seen in 11 patients; extensive exposed bone or tendon
was seen in 19 patients. The site of the potential dis-
tal anastomosis was beneath necrotic skin in two
patients. The fourth group comprised three patients
who had no distal vessel to which the vein grafts could
be anastomosed. The vein grafts were anastomosed
directly to the free-flaps in these three patients.
Patient ages ranged from 40 to 73 years, with an
average age of 59 years. All patients except one were
men, and 18 of the 21 patients had diabetes mellitus.
Ten patients admitted to being current smokers, 19
had hypertension, and 14 had coronary disease.
Sixteen of the patients were white, two were black,
two were Hispanic, and one was Asian. The arterial
reconstructions and free tissue transferal are outlined
in Table I. Briefly, arterial reconstruction was per-
formed with vein grafting in every case. Arm veins
were used in two patients, half of the saphenous grafts
were reversed, and half were without valves, either in
situ or with lysed valves in a portion of mobilized vein.
The lesser saphenous vein was used once, and a com-
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posite-sequential graft was used once. These bypass
grafts were placed from the femoral artery in nine of
the 21 patients and from the popliteal artery in 12 of
the 21 patients, with distal anastomosis to the poste-
rior-tibial artery (eight patients), dorsalis pedis artery
(five patients), peroneal artery (three patients),
popliteal artery (one patient), anterior-tibial artery
(one patient), or directly to an omental free flap (three
patients). The tissue transferred included the latis-
simus dorsi muscle (five patients), rectus abdominus
muscle (five patients), omentum (five patients), gra-
cilis muscle (two patients), radical forearm flap (three
patients), and scapular flap (one patient). The omen-
tum and muscle flaps were covered with split-thick-
ness skin grafts at the time of the operation.
As a general principle, the tissue transfer was com-
pleted during the same operation as the arterial recon-
struction. However, in four patients free flaps were
added later, as a staged procedure. All the free tissue
arterial anastomoses were performed end-to-side to
the distal vein graft, except in the three patients with
end-to-end anastomosis directly to the omental flaps.
The free flap venous outflow was conducted through
adjacent tibial veins. Free flap arterial and venous
anastomoses were placed by means of an operating
microscope. Very aggressive debridement, including
toe or transmetatarsal amputation, was usually per-
formed at the time of the definitive operation. It was
occasionally necessary to perform an initial debride-
ment to determine if there was enough viable tissue to
justify entering the combined arterial bypass grafting,
free-tissue operation.
Heparin was used intraoperatively, but patients
were not routinely anticoagulated postoperatively.
During the free-flap portion of the operation, 
5000 units of unfractionated Heparin was given 
subcutaneously with 60 mg intravenous ketorolac
tromethamine (Toradol). Aspirin was given for chron-
ic platelet inhibition. The patient with the composite-
sequential bypass graft was given Coumadin postop-
eratively. Outpatient follow-up was conducted, usual-
ly weekly, until all wounds were closed. Graft patency
was determined by means of ankle-brachial index and
by observing the skin grafted area. Follow-up patency
was monitored by means of duplex scanning at 3, 6,
and 12 months.
TECHNIQUE
The common characteristics, advantages, and
disadvantages of the six tissue flaps used in this series
follow. These parameters were used to guide selec-
tion of the best flaps for given cases.
Omentum. The omentum is usually available
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and can cover very large areas or be extended over a
remarkable length.3-6 It provides outstanding tissue
ingrowth and is an excellent bed for skin grafting. It
is extremely malleable, which allows contouring to
almost any shape, and the omentum rarely is involved
with atherosclerosis. A laparotomy is required for
harvest, which is a disadvantage, but this can be done
by a second team while the leg bypass graft is being
constructed.
Rectus abdominis. The rectus abdominis is a
thick muscle with a long pedicle that can be harvest-
ed by a second team during the arterial bypass graft-
ing procedure. The inferior epigastric artery is often
involved with atherosclerosis, but we have found that
even with some atherosclerosis the flap is usable. The
thickness is useful for weight-bearing surfaces.
Latissimus dorsi. The latissimus dorsi is a broad
flap with a long pedicle length. It is usually not
involved with atherosclerosis. Its use requires special
attention when positioning the patient.
Radial forearm. This is a small, thin flap that is
used with its skin. It can be taken with an extremely
long pedicle from the elbow level. The radial artery
can be used as a “flow-through graft” with distal anas-
tomosis, for example, to the dorsalis pedis artery.7 It
is useful for providing coverage of exposed ankle ten-
dons and bone.
Scapular-parascapular. The scapular-parascapu-
lar muscle flap is covered with thick durable skin and
is rarely involved with atherosclerosis. 
Gracilis. The gracilis is a small flap that can be
taken through the same incisions as the arterial
bypass graft, with little additional morbidity. It is
commonly involved with atherosclerosis. 
As a general principle, muscle flaps covered with
split-thickness skin grafts provide adequate weight-
bearing surfaces.
RESULTS
All 21 operations were initially successful, with
vein graft patency and transferred tissue viability. One
patient had to return to the operating room the
evening of the operation for successful modification
of the vein graft-muscle flap arterial anastomosis.
There was no operative mortality. Two early failures
resulted from overwhelming sepsis involving the free
flap, and both of the patients in these cases required
below-knee amputations. A third patient had angiog-
raphy performed on his other leg and sustained sub-
stantial embolization to his omental graft, portions of
which necrosed, making limb salvage impossible. He
also required a below-knee amputation. These fail-
ures all occurred within the first 4 weeks postopera-
tive. Re-skin grafting of portions of the free flap was
required in three patients, and in one patient, the flap
itself had to be debrided and was successfully reap-
plied. Subflap hematoma evacuation was necessary in
one patient. Partial venous thrombosis of the free
flap complicated one case, with loss of some of the
muscle tissue.
Table I. Arterial reconstructions and free-tissue transferal
Inflow artery Distal anastomosis Tissue flap
1 Popliteal Omentum Omentum
2 Popliteal Posterior-tibial Rectus abdominus
3 Popliteal Dorsalis pedis Gracilis
4 Femoral Posterior-tibial Rectus abdominus
5 Popliteal Omentum Omentum
6 Femoral Peroneal Latissimus dorsi
7 Femoral Peroneal Latissimus dorsi
8 Popliteal Dorsalis pedis Gracilis
9 Popliteal Anterior-tibial & posterior-tibial Rectus abdominus
10 Popliteal Dorsalis pedis Rectus abdominus
11 Popliteal Dorsalis pedis Radical forearm
12 Femoral (SFA) Omentum Omentum
13 Popliteal Posterior-tibial Radical forearm
14 Femoral Popliteal Omentum
15 Popliteal Posterior-tibial Latissimus dorsi
16 Femoral Posterior-tibial Scapular
17 Femoral Posterior-tibial Latissimus dorsi
18 Femoral Peroneal Radical forearm
19 Femoral Dorsalis pedis Omentum
20 Popliteal Posterior-tibial Rectus abdominus
21 Popliteal Posterior-tibial Latissimus dorsi
SFA, superficial femoral artery.
The other follow-up periods ranged from 1 to 45
months (average, 13.3 months). Two patients died,
one 4 months postoperative and one 6 months post-
operative, of illness unrelated to their legs or opera-
tions. All the bypass grafts except one remained
patent, and the transferred tissue was viable in all of
the 16 surviving patients with viable flaps after 4
weeks. One patient had a viable free flap, but occlu-
sion of the vein graft was shown by means of duplex
examination. All the patients have achieved complete
wound healing and effective weight bearing on their
affected limb, with the exception of one patient who
is wheelchair-bound. Thus, 18 of 21 (86%) patients
attained limb salvage. The total operating time was
prolonged. The operation time in the four patients
with staged operations was 6 to 13 hours (mean, 8
hours) when the times for the two operations were
combined. When the bypass grafting procedure and
free flap procedure were conducted together, the
operating time was 4 to 8 hours (mean, 5 hours).
The time to complete healing was also prolonged
for some patients, ranging from 1 month to 8 months
(mean, 3.8 months).
DISCUSSION
The use of free tissue transfer as an adjunct to con-
ventional arterial bypass grafting surgery is intriguing.
In the present study, 21 patients destined for leg
amputation achieved an 86% limb salvage using 
this method. Despite the extended operating time
requirements, there was no related mortality. The
concept involved is simple and is supported by a num-
ber of small reports that have appeared since 1982,
with at least 135 patients treated in a similar
way.1,2,8-18 Patency rates from these collected papers
range between 57% and 100%, with average follow-up
times of 6 to 24 months. In the current study, all the
grafts functioning after 1 month have remained
patent except one. Why, then, is there not more wide-
spread application of such a powerful limb-salvage
method? The skills of a vascular surgeon experienced
in tibial bypass grafting surgery are sufficient to
accomplish the inflow portion of this operation. The
vascular surgeon must then recruit the skills of a
microvascular surgeon comfortable with free tissue
transfer to complete an effective team. An enthusias-
tic and supportive team is critical for these demanding
operations.
Arterial inflow source for the free muscle flaps or
omentum in the current study was uniformly obtained
from the distal portion of a vein bypass graft, and
suturing to this soft, disease-free tissue is less techni-
cally demanding than using a small, sometimes calci-
fied, tibial artery. Serletti et al2 also used vein grafts for
inflow, but used the reperfused anterior or posterior
tibial arteries for free-flap perfusion after femoral-
popliteal bypass grafting if they were in continuity. In
the present study, the distal vein graft anastomosis was
sometimes moved closer to the ankle to avoid depen-
dence on any native tibial artery for inflow, and this
may help to explain the reliable patency observed.
Perhaps the most interesting subset of patients in
this report are the three who had reconstructions with
end-to-end anastomoses to omental free flaps. These
three patients all had soft tissue loss and were without
a tibial artery sufficient to support a distal bypass
grafting anastomosis. Thus, there was no new anasto-
mosis directly to the native arterial system. Although
one of these limbs was lost because of embolization
into the omental flap after angiography in the postop-
erative period, the other two patients did well. Their
split-thickness skin grafts healed, and, remarkably, the
entire involved foot began to show signs of increased
perfusion. This “neovascularization”19 was comment-
ed on by Cutler in a discussion of the work by
Cronenwett et al.1 In that case, the neovascularization
was seen after an end-to-end anastomosis with a ser-
ratus muscle flap. Neovascularization has been quan-
titated with both cutaneous fluorescein methods and
conventional angiography, but the patients in our
study were not examined with angiography because of
the risks involved.
Omentum has been used to relieve limb ischemia,
both as a pedicle reconstruction20 and as a free flap
anastomosed to patent native arteries. In fact, pedicle
techniques have been developed that allow omentum
still deriving its blood supply from the right gastroepi-
ploic artery to reach across the inguinal ligament to
the ankle in some patients.3 In the present study, arte-
rial flow for the omental flap came directly from the
vein bypass graft. Omentum has even been used to
relieve rest pain with some success by creating a pock-
et for the omentum along the medial aspect of the
thigh and calf. These reports also mention an increased
limb perfusion remote from the omental graft.21
In the present study, all the free flaps received
arterial inflow from direct anastomosis to the previ-
ously constructed venous conduit bypass grafts. One
patient had a composite-sequential graft with a prox-
imal femoropopliteal polytetrafluoroethylene (PTFE)
section and a distal reversed saphenous vein to the
posterior tibial artery. The free tissue flap was anasto-
mosed distally to the venous portion. In this series,
patients without venous conduit were felt not to be
candidates for such an extensive operation. However,
Kasablain et al have reported such a procedure, using
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PTFE for inflow with good results for as long as 3
years.22 In their case report, the tissue flap was anas-
tomosed directly to the PTFE. Although the practice
of using PTFE for inflow could be debated, it is pos-
sible that the restrictions imposed in the current
study were too strict.
SUMMARY
Combining the two well-established surgical
methods of venous conduit arterial bypass grafting
and free tissue transfer creates a powerful technique
for limb salvage. It enlarges the pool of patients with
severe leg ischemia who have an alternative to cer-
tain leg amputation. Patients with extensive tissue
loss, tibial arteries beneath infected wounds, and
those without adequate tibial arterial anatomy for
distal anastomosis can now be helped. In many med-
ical centers, the organization of an enthusiastic team
to perform these operations may be the main obsta-
cle that needs to be overcome.
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Dr James Schuler (Chicago, Ill). This represents some
truly superb results in what I think most of us would agree
is a group of patients that almost certainly would have
ended up with below-the-knee amputations, so I would
like to say “well done.”
At the University of Illinois in Chicago in mid-1989, we
formed a multidisciplinary team with plastic surgery. We
had access at that time to two young, well-trained plastic
surgeons who were experienced in microvascular technique,
and we’ve been using free tissue transfer for about 10 years.
DISCUSSION
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We’ve used it in cases similar to those you’ve presented, but
we’ve also used it in some other complex lower-extremity
wound healing problems. Primarily, free tissue transfer has
been used to achieve healing in recalcitrin or multiply recur-
rent venous stases ulcers. We’ve also used it in patients with
combined arterial and venous ulcers. It has also been used
to cover up exposed orthopedic hardware after compound
fractures or with osteomyelitis. One of the ways in which we
found it to be most useful is in the patient with diabetes
mellitus who has extensive digital occlusive disease and
plantar arch vessel occlusive disease, but who has axial
patency and hemodynamically normal inflow to the ankle.
In those patients, either omentum or rectus abdominous
flaps can salvage feet and limbs that would otherwise be
amputated.
I would like to reenforce one of the things you said:
forming a good working alliance with microvascular plas-
tic surgeons is really essential. I’m convinced that we have
received a lot of referrals and salvaged a lot of limbs that
we would never have if not for the relationship that devel-
oped with our plastic surgeons.
I have three questions. The first is, have you had any
experience with performing extensive partial calcaniectomy
in your patients with diabetes mellitus and then covering the
defect with a flap? We’ve encountered one failure in a patient
who had extensive calcaneal osteomyelitis. We applied a rec-
tus abdominous flap, which took and stayed healed, but the
patient ended up walking on a dysfunctional foot. He will
probably eventually have a below-knee amputation.
My second question is, have you encountered any
patients in whom the femoral-to-tibial bypass grafting pro-
cedure failed and yet the flap remained viable? We encoun-
tered one patient who had a femoroperineal bypass graft.
Two years after that the bypass graft occluded but the rec-
tus abdominous free flap did not die, the wound did not
recur, and, in fact, the patient has gone an additional 2
years with the femoroperineal bypass graft occluded and
the wound healed. The only way we could explain this was
on the basis of neovascularity, which is poorly understood.
My last question is, do you have any intermediate or
long-term cost-benefit analysis comparing this procedure
with primary below-knee amputation? We have a number
of managed care referrals, and when the medical directors
or the gatekeepers find out the up-front costs of these com-
bined procedures, they go into a state of shock. So far, they
haven’t failed to continue referring patients, but each time
it gets harder and harder to justify to them saving these
limbs with some very large up-front costs. I would like to
know if you have any data that would keep them at bay.
Once again, I think this was a great paper, and I com-
mend you.
Dr Walter J. McCarthy III. Thank you.
We have not done a major resection of the calcaneus,
although we have had several cases in which we had to
shave the calcaneus superficially. I appreciate the problems
that would occur with a major deformity of that bone.
About graft occlusion and flap viability, we actually have
one case where we’re not sure, but, just in the last week as
we were preparing the manuscript, it appeared that the
bypass graft may have occluded yet the flap is completely
viable. We’re submitting that patient to a duplex scan to
see what’s going on with the graft. There are reports in
the plastic surgery literature of flaps that survive after their
inflow arteries occlude because of their neovascularization.
In preparing the slides, I said that all the free flaps were
viable, and all the grafts except one are patent.
The cost-benefit analysis may be a bit shocking. The
postoperative care for these patients is very extensive; they
often end up coming back for additional minor operations
and office visits. We share the office visits with the plastic
surgeons, and patients often come back to see one of us
about once a week for a period of months, until everything
is healed. The benefit of keeping people out of a nursing
home is extensive. These patients are able to live indepen-
dently, whereas many of them would have otherwise ended
up in a nursing home. We have one patient who cares for
his wife, so actually we’re keeping two patients out of nurs-
ing homes by preventing his amputation.
Dr Alexander D. Shepard (Detroit, Mich). I, too,
congratulate you on really spectacular results, but I have
to ask a question based on our results at Ford Hospital in
Detroit. We, too, have had fairly extensive experience
using the efforts of our plastic surgery team. Our results
have not been as good long-term as your results. Now
your “long term” is only slightly longer than a year. We’ve
used the free flap technique in some patients with signifi-
cant neuropathy and had a spectacular result, saw them
back in the office with everything healed, and then, a few
months later, had them come back with a recurred ulcer.
Our problem basically is one, I think, of patient selection.
I was wondering if you could give us some hints or guide-
lines as to who is really a candidate for this procedure.
Which patients do you see for a first office visit and say
to yourself, “there’s no way we’re going to put them
through all this, through the expense of these two proce-
dures,” and decide that a primary amputation would, in
fact, be in their best interest at the outset?
Dr McCarthy. I think that patients need to be poten-
tially ambulatory. If they are not going to be able to get
out of their wheelchairs, and you can anticipate that
beforehand, then it’s probably better just to go ahead with
a leg amputation.
Second, if all the weight-bearing surface of the foot is
involved, I think it might be excessive to go ahead with
this sort of reconstruction. Those probably are two good
guiding parameters, besides just being able to physically
achieve wound healing. There are some patients who have
so much infection in their ankle joint, for example, that
you can anticipate not being able to get them to heal, even
with good vascularized pedicle over the area. There are
also patients who are seen with foot sepsis severe enough
that, as in the two cases that failed primarily because of
sepsis, one could anticipate that, even with a flap in place,
the flap and antibiotics would not control the sepsis.
Dr Joseph J. Hurley (St Louis, Mo). How high up
were you able to make the omental anastomosis to your
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blood supply? Were you able to take the omental vessel
anastomosis and plug it in by the popliteal and run that
graft all the way down the leg?
Dr McCarthy. The omentum can be pedicled and
extended over a very long length. In fact, there are tech-
niques that we didn’t use, but one can actually use to
make the anastomosis based on a patch of the gastroduo-
denal artery to the common femoral artery and then pedi-
cle the omentum all the way down to the midcalf, or even
to the ankle. We pedicled it to some extent, but generally
began the omentum in the midcalf and then brought it
down over the entire foot.
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